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MAXIMUM TEMPERATURE PREDICTION

by R. Maine
‘Divisional Office, Bureau of Meteorology, Adelaide

(Manuscript received June, 1958)

Abstract: A set of 74 January daily maximum temperatures
at Adelaide, South Australia, can be shown to correspond
with reasonable precision to an empirically predicted set
based on three homogeneous governing parameters available
at 6 a.m. local time. Selection of governing

parameters is accomplished statistically.’

l., INTRODUCTION

This report has been produced because of the need to
establish an objective procedure with which to forecast daily maximum
temperatures, using in the first instance homogeneous early morning
data. ‘ ' ‘ ‘

As maximum temperatures are essential in the preparation of
fire weather warnings, direct application can be immediately found in
this field, and as most Bureaux are responsible for the issue of such
warnings to Government Forestry reserves the general approach can
provide valuable objective assessment of the maximum temperature factor
for a comparatively economical initial outlay in time. In fact, the
procedure has been applied to Mt. Gambier in the southeast of South
Australia where weather conditions closely approximate, or are simply
and systematically different from, those in two nearby forestry reserves,
namely Mt. Burr and Penola. In thié case only two parameters were
governing, but the investigation was not exhaustive and errors may be
further reduced by incorporation of further though less significant
variables. However, the small amount of data used was a valuable guide
to forecasting days with extreme temperature range., In the test case
Adelaide data which were readily accessible were used, as handling of a
large number of parameters is usually inevitable in the early stages to
determine relative significance. Also publication of capital maximum
tempe rature forecasts in local newspapers makes the use of this data
‘more important.
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2, REVIEW OF LITERATURE

English references to maximum temperature forecasting do not
appear very extensive and many of the methods proposed are not suitable
for local application, .

Probably by far the best known and quickest approach to
maximum temperature estimation is Gold's (1933) which basically sets
an upper limit to the value of the maximum in relation to the lapse
rates in the lowest six or seven thousand feet of the atmosphere. The
application of this method to the present problem is made difficult by
the absence of any night time radiosonde ascent locally, and by the
fact that the super-adiabatic lapse rates frequently occur in the
lowest layers. A more elegant computation is made quantitatively by
assessing total heating from available radiation and advection and
applying this to the night time sounding.

Neiburger (1941) computes a value for the maximum on similar
lines to Gold though making allowance for a greater number of varisbles
affecting total heat input.

Brunt (1932) discussed the form of the diurnal surface
temperature curve at the ground but again when operating with the
resulting mathematical expression many obstacles are encountered which
require excessive simplification before extracting a practical answer.
In particular local soil constants are practically unknown, and
considerable added variation is possible with approximate values for
different areas; (Johnson and Davies, 1927), It is understood
however that the Waite Agricultural Institute is undertaking a study
of s0il constants in parts of the Adelaide Plains.

Under the circumstances it appears that a deterministic
approach although eventually essential should not be preferred, for
the present; to an empirical method producing useable results, and
indeed such a method provides useful information in any precise
approach to the problen.

As it is fairly clear that more than one variable will be
involved in relation to maximum temperatures natural recourse is
immediately taken to the established practices of multiple regression
or correlation,

Unfortunately, multiple linear regression techniques are on
the whole unwieldy with large samples and even more so when any
departure from linearity or scalar quantities is involved, and are
therefore not well adapted to this type of investigation. However,
this technique was used a number of times to test assumptions, but
using only small samples. Many methods of multiple correlation are
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available and probably the most suitable is that of graphical
correlation as the functional relations between wariables need not be
known or assumed, Several varieties of graphical procedures exist

and a final choice was made between the method of deviations, co-axial
plotting (see Linsley, Kohler and Paulhus,1949), .and graphical .
integration (Bundgaard, 1951), = The method of deviations was ultimately
used as it is simple to. apply and is uncomplicated by introduction of
vector quantities or variables of changing sign. . In addition a second
approximation can readily be made if required.

The basic underlying assumption with the application of the
results of the correlation analysis to forecasting is of course that
identical weather conditions, in respect to the determining wvariables
will produce the same dependant variable which may be for example
temperature range in all cases.

3, TREATMENT OF DATA

 The first step after examining the available methods of attack
was to attempt to isolate those variables having the strongest relation
to the maximum temperature and to assess their degree of correlation,
j.e. put them into some order of importence. From a physical stand-
point and employing ordinary "synoptic" experience many factors can be
suggested but their effect inrelation to one another is uncertain,
Consequently a time series of maximum temperature, 6 a.m. temperatures,
mean cloud from 6 g.m. t0 3 p.m., 6 a.m. M.S.L. pressure; 6 a.m. dew-
point, surface wind, and other variables were plotted for a section of
the summer of 1955.

It was immediately evident that a high degree of correlation
existed between 6 a.m. temperatures and maxima. The goodness of fit
was such that when plotted in a scatter diagram the relation '

T (MAX) = T (6 a.mo) + K (1)
for K = 24 and T = temperature in °F
wds a reasonable estimate for midsummer clear days.

. Other variables when plotted in scatter diagrams revealed
some connection with cloud and wind, Accordingly it was decided that
if 6 a.m., data were available, or data about that time, the difference
between the 6 a.m., and the maximum t emperature (hereinafter referred to
ag the range R) could be regarded as the variable requiring to be
forecast. Under existing arrangements at this Bureau, early morning
observations from most State forestry reserves are reported.
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A vorking sample of about 50 observations was chosen from
January and February, 1955, excluding those days on which precipitation
was recorded between 6 a.m. and 6 p.m., and those days on which a major
air mass change ocourred between 6 a.m. and 6 p.m. (but not excluding
sea breezes).

The range R was then plotted in scatter diagrams against
various factors;, for example, awvailable insolation, mean cloud amount,
6 a.m. dew point, 1700Z 2000 ft winds, 6 a.m. temperature, etc.

Berry, Bollay and Beers (1945) gave a good account of the
important variables in this respect; however, strengths of
correlations were not clearly indicated,

Three variable relationships were also plotted with the
strongest determining variates, but as they stood they were too weak
to draw any definite conclusions about relatiwve importance.,

In all scatter diagrams the strength of relationships was
noted visually by the degree of scatter. In most cases this appears
quite satisfactory.

The main information derived from the scatter diagrams was
that available insolation was the most strongly related variable, with
wind and temperature as next strongest, respectively.

Available insolation was calculated as a percentage of clear
sky insolation using the short wave cloud albedo figures of Fritz
(1950), It appears from experience that the percentage reduction due
to cirrus or cirrostratus is too high.

Using these calculated curves the relationship of insolation
to range could be shown to fit linearly, in the mean, an expression

R = ,32H-8 (2)

where H is available insolation, expressed as a percentage of clear sky
insolation for the sample in question.

An attempt to introduce temperature range R as a predictor
produced results which were not significant., It was then decided to
group the variables which were observed to be related to R and insert
them into a multiple linear regression. The magnitude of "t"
obtained in the test of significance of co-efficients is used as an
indicator to order of strength of relation, from a linear standpoint at
least., Accordingly, with range R as the stochastic variate a multiple
regression based on 30 observations (mid January to mid February,

1955) was computed using variates which when arranged in descending
order of "t" took the following order:
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1, Available insolation
2. Northerly wind component
3, 6 a.m, temperature
4o Basterly wind component
5, 6 a.m. mixing ratio
6. 24 hour change in 6 a.m,. temperature

With the inclusion of several uninformative variates,
e.g. 5 and 6 in the regression, it might be anticipated that the
significance of any informative variate might be considerably reduced.
Indeed this was the case amdno value of "t" for any co-efficient was
significant in the above regression. .

A graphical correlation using the method of deviations was
then carried out to the first approximation using only the first four
variates, wind vector being plotted as second variate. To avoid the
non-ob jectivity of mean cloud for the day in any forecast to be made
at 6 a.m., the 6 a.m. cloud was inserted in its place - a step which
did not significantly change the final result.

The resulting set of correlation diagrams based on 30
observations from mid January to mid February, 1955, was then used as
a predictor of maxima during Januery, 1957.

The characteristics of the distribution of errors in the
predicted set of maxima were the followings

Bias of errors +0.3°F
Mean modulus of errors 2.4°F
Standard error 3.0°F
Range =59F to +4OF

As the method had so far yielded encquraging results it
seemed worthwhile to revise the figures for available insolation, pool
the data for 1955 and 1957 and replot diagrams to the second
approximation.

Regarding the relation of insolation to cloud, observational
results of incident transmitted energy seemed more realistic in these
calculations, than the use of albedo figures published for different
cloud types,



55

Many empirical relations between insolation and cloud exist,
but the observational data of Haurwitz (1945) appeared to be most
suitable, and these figures were used to evaluate a figure of percentage
reduction of clear day midsummer insolation in relation to cloud amount
and type.

This percentage reduction of the midsummer, noon, clear day
beam, is mainly a function of cloud amount and type. Over the summer
months (here taken as October to March) the wvariation of this reduction
due to time of year is not more than a few percent, so any relation
established for one month could be applied to data in other months
equally as well,

Haurwitz's figures on the percent of average total daily
insolation (sun plus sky) passed by various cloud amounts were then
replotted for cloud densities. The Smithsonian Institution Table 152
(6th editior) was then used to interpolate cloud type on the cloud
density scale for overcast conditions and the curves of incident
insolation were then completed to the shape of the curves observed by
Haurwitz. The result was the first of the 4 graphs of the prediction
diagrams Fig. la.

It is interesting from the point of view of any further
attempt at linear regression that the curves worked up from the
ebove data are approximately curved logarithmically, i.e. straight
lines when plotted on arithmetie, log. co-ordinates.

Having established a suitable basis for the percentage
reduction of clear day insolation with cloud amount and type, the
maximum temperature data for 1955 and 1956 were pooled and the
correlation diagrams calculated to the second approximation.

The error distribution of range forecasts then had the
following characteristics:

Bias +0,1°F
Mean modulus 1.5°F
Standard error 2.4C°F

Range -9°F to +6°F
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Fig 1d. Curves of correction D, as related to 1700.Z. - 2000

ft wind.
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The analysis of this data in relation to the variables,
6 a.m. temperature, 6 a.m, cloud, 1700Z wind vector, was capable of
accounting for 83 per cent of the natural variance of the maximum
temperature itself, Of the residual 17 per cent, two observations of
the' total number of 66 contributed 5 per cent., These twocases, one
in error of +9°F and, the other <6°F were examined, and in the first
case a large positive error occurred when cloud rapidly developed from
a clear sky at 6 a.m.; and in the other negative error occurred when
overcast conditions at 6 a.m. broke to almost clear by 9 a.m. It
therefore seems justifiable to surmise that a correct degree of
subjective judgment in relation to cloud wvariation would result in a
reduction of forecast error variance for cases where an abnormally
fast clouding over or clearing is expected.

It appears that there will be some practical lower limit to
residual variance, as at each inclusion of a new variable it becomes
increasingly difficult to effect a given reduction in the residual
variance.

From experience with fire weather warnings a forecast maximum
temperature within the range of 2°F about the true value can be
considered as a practical success, all other values meeting with
varying degrees of failure. These limits may appear restrictive but
it must be remembered that the other variebles in a fire weather fore-
cast, e.g. dew point and wind speed, also contribute their own error
variances; and therefore allowance for these must be made when computing
a compesite rating such as the Luke fire danger index. Such an index,
vhich can be used in relation to fire spread rate and wind direction is
the real meteorclogical tool of a fire fighting organisation.

The pooled prediction graphs were subsequently used on the
months January and February, 1958, as a test sample. The list of
errors is reproduced in Table 1.

It can be seen that the method commences tobreak down during
February - a fairly natural consequence as the base data are drawn
predominantly from January. Consequently it was decided to revise all
data and use January obserwvations only.

There were 74 observations awvailabie in all and these were
then used to recompute all correlation diagrams. All new diagrams
toock the same pattern but with certain systematic alterations on
previous similar diagrams. In this set of data the correlation
diagram of percentage reduction of insolation was plotted first,
followed by 1700Z 2000 ft wind, and 6 a.m. temperature. The last
named correlation being weak but nevertheless identifisble.
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The prediction diagrams are reproduced in Figs. 1b, ¢ and 4.
Instructions for the use of Figs. la, b, ¢ and d are as follows:

The percentage reduction of -insodlation is obtained by enter-
ing Fig. la given 6 a.m., cloud amount and type. When two or more
types are present the effect of each amount and type separately is
additive. Fig. 1b is then entered giving R' the first estimate of
the range. Using 6 a.m, dry bulb and 1700Z 2000 ft wind velocity.
Figs. lc and d are next entered giving corrections D; and Dy.  The
forecast range is then computed from the expression: :

R = Rf + Dy + Dp.
The relative freqﬁency distribution of errors in this dependant data

is shown in Fig. 2 along with other relevant parameters of the
distribution. '

40

N=74
N . g(Modulus of errors)=165
20 \\\\

RELATIVE FREQUENCY

/ _‘ X
A 1IN
- TN

=7 -5 -3

\

- 1 3 5 7
ERROR (°F)

Fig 2. Relative frequency distribution of errors.






